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1. Introduction

The structural approach to texture analysis consists of

the extraction o~ meaningful texture primitives , defined as

connected regions satisfying certain properties , and the des-

(-
~~ ii ’tion of thest trimi t i ve s i n  terms of their attributes and

spa~~iai interre l.tt ions. This model of texture as a seureqation

o~ t!i~ visual fi ~~ld into primitives has considerable psycho-

phys ical supper! s~ ’e , e.g. , Beck ’s similar ity grouping exper—

inents (1) and 1i l , -sz ’ work on cluster de te ct  ion in random

patterns ( .~) .

The descr ip ! iv ~ a n !  eraani ~‘at ional aspect s of the texture

~reh 1cm iven a ~e~t ~t ~rim jtives have been studied in order to

exp lore placement rule properties used in discrinination .

O ’Cai laft .~n 13 )  developed techniques fcr find inu the p. rcept~~a1

hI ‘un!t ries in dot :atterns and Stevens (4) used the same domain

t e  locat ~ locally par al lel strings of dots. ~ t h e r s  have used

ed ;es as primitives , invest i .iating both synthetic and real—w orld

texture d i scri mi nabi l ity usine statistical measures of the first

orde r (e .i., edqe tIer unit area (5,61 and the ratio of edqe

rientat ion to l e n~i t h  per unit area (7)) or second order (e.u.,

generalized cooccurrence matrix features from edge orientation

(81). These last -‘~ thods are more structural—statistical

hybrid approaches, however , than purely structural ones.

To date , texture primitive extraction methods have been

predominantly req ion-based , emphasi7 ing gray level groupin g 
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rules for definin g areas which are homogeneous with respect

to bri ghtness. Tsuji and Tomita (9] define primitives as

connected components of constant gray level. Maleson et al .

(1 0) use a prior i defined simple convex polygons of various

sizes , shape s, and orien tations as prim it ives , choosin g the

max imal best fit based on gray level constancy . Wang et al .

1 11 1 extra ct primitives by various thresholding schemes , each

connec ted componen t of above threshold po ints def in ing a regio n .

While edge-based methods have been previously used in

statistical approaches to texture (see above) , the dua l to

region-based primitive extraction , i.e., edge iroup ing f o r

delimiting regions by their boundaries , has not been adequately

stud ied . Strong and Rosenfeld (121 developed a technique using

a pr opa qation process for coloring in region interiors from

edges. Marr ’s prima l sketch is computed (in part) by grouping

edge and line detector outputs into long segments (this proce-

dure is called “curvilinear aggregation ”) (13), bu t the repre-

sen tat ion stops sho rt of producing closed curven , delay ing th e ir

extraction until information about the depth , or ie n t a t i o n  and

discon tinuities of visible surfaces is made explicit in the

4 — D sketch . Zucker et al. [14) argue, on the other hand ,

that edges can often be used to delineate physical objects with-

out such higher level knowledge.

In th is paper we address the texture primitive extraction

problem us ing an edge-based technique. Primitives are defined

- _
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as areas which are enclosed by edges, thus delimiting elements

by their boundaries rather than by properties of their inter-

iors. The method is evaluated in a pilot study in which a few

t.exture samples, taken from Brodatz (15) textures and three

LANDSAT geological terrain types, are clustered using first--

order statistics of region properties only.
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P r i n i t i v e  ext r a ct  ion by ed~ie j )oi nt__g r o u p  i n i

.

~ 

. 1 The .1I) i )r Iach

Methods  fo r  c t  I i l o l  n t  g r o u p i n g  have P e o n  developed p r i  —

~ : . i x  i l y  t o r  t h e  p11! : 1  ~eS I~ I~~ l o ca t i n g  c cr v es  a id  s t r e a k s  i n

i - ’ t ; s . !~o h  se’ t u . h ’ ial tr a rk ine and t a r S l I l , 1  g row i n g  t e c h —

n~~~;J e~ ; h a ve  ~~ t f l  J~~v i s . d (see ( 1~~J t o i  a :01! v . - y )  . For t h e

me S * r t , wo i~~ i 1 he ur i st 1 a us .  or c )ml I i n 1 nq un 1 t

e~iae seamen!  i n ~ e L u l l  c h a in s :  e dae s  w h i d :  i t o  t r o x i m a l and

re~-resou! eood c n~ i n a a t  ion .ir e  l o c a l l y  c on s i s t e n t ;  o t h e r  con—

ira! i - u S . i I t  i nco  t i  S 1 St  :: t -

I n  ex tu r e  !h i 1~~~~i t  iv e  e x t r a c t i o n ,  l ) ( I u n h l r .~~ s ar c  known to

t o r m  closed c o nt eu t  s , so we can add t he  hc ’u z z s  ic e~ ciosedness .

I n t he  c e n t  i f l i. i ‘u i  c t : o , each  p o i n t  on he t our .diry of a p r i m —

i t  i v. ’ P is t -~~r r .st ~~r. ~i n  ( n e a r e s t)  b o u n d a r y  : o ir t  a w h i c h  i s

on * P fl~~’ t O S  i t e’ si - P o~ t h . roe i o n  and  is tet i ned as fo l  lows.

Co n s i l c r  t h e  r ay  with r i q i n at  p and or i e n~~a t  ion p e r p e n d i c u l a r

t o  P . t angent .  1 i n .~ h r o n ~h p an 1! t o w a r d s  t h e  req inn ’s j u t  erior.

T h i s  r ay  m u s t  m t .  u s e  t t h e  b o u n d a r y  .i z a i n ;  q i s  d e f in e d  to  be

he n e a r e s t  such i n t e r s e c t i o n  p o i n t .  Two p r o p e r ti e .s of t h i s

t . d i n i t j o n  a r e  ot int rest. First , the relation “is an o p p o s it e

b o u n d a r y  p oin t  t o  is not s y m m e t r i c .  Pe cnn d , the l i n e  segment

~~~~~ mus’ be e n t i t l y  I l - u t i l n e d  in the reg i on . Figure l i l l u s t r a t e s

thi s - I n t l qu r a t A o n .

In h I l i t , i l i r r a t s , F . ; :on boundaries are indicated locally

by gra , leve l ii’ ; ’- - : inuities and are d e t . t a bl p  by any of a

I

— .4

- .-~~~~~~~~~~~-—-- - - — --



variety of edge-detection operators. In this case , the analog

of an opposite boundary point pair is a pair (x,y) of anti--

parallel edge points such that y is the closest edge point

in the gradient dir ection from x on x ’s dark side.

Given an image  f r o m  which  a set of anti parallel edge pairs

have been determined , the boundary formation problem is now

reformulated as how to group these pairs according to the areas

they surround. There are several possible ways of grouping edges

into boundaries from the descriptions associated with anti--

parallel pairs , e.g., using their locations, orientations , and

separations. One possibility would be to cluster the midpoints

of the pairs ’ line segments as they should form a kind of med ia l

axis for the region . However, since even in ideal figures these

midpoints need not be connected (see Figure 2), this approach

does not seem promising.

A second method is to group edge pairs based on the inter-

sections of the line segments that join antiparallel pairs. A

pixel is regarded as a possible interior point of a primitive if

it is on the iine segment joining a pair of antiparallel edge

points. In practice , due to the presence of noise, giving rise

to missing and spurious edges, each pixel’s likelihood of being

an interior point can be measured by the number ~f times that

it occurs on line segments joining antiparallel pairs. We now

describe in more detail the algorithm which implements this

method of primitive extraction.

(
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2.2 The algorithm

The algorithm for extracting dark primitives occurring on

a light background consists of several steps. Its descript ion

will now be given in cxz-rjuncticx~ with its s tep  by step perform-

ance on two small data sets. The first is a set of terrain

samples from a LANDSAT image of eastern Kentucky . Fou r 128 by

128 images were chosen from each of three geological terrain

types, as shown in l igures 3a , 4a , and 5a. A second data set

was taken from four of the texture types in I3rodatz (15); the

images are  show n in F igu re s  6a , 7a, 8a, and ~a.

The first step of the algorithm locates edges by applying

an edge detection operator to the image , ‘~ollowed by threshold-

ing to eliminate weak edges , and non-maximum suppression to

delete redundant responses to a single boundary. In this way

we obtain a “cleaned” edge map of potential boundary points on

which to do further processing.

In our experiments we have used a Set of eight 3 by 3 masks

as shown in Figure 10 to determine the edge response a’ each

point. Edge magnitude is equa l to the maximum response and edge

direction is taken parallel to the orientation of the corre-

sponding detector. Points with edge magnitude less than a

threshold t were then set to zero; for the terrain textures we

used t=6 and with the Brodatz textures, t=3 . These values of t

were chosen by hand ; in general t should be chosen based on the

expected contrast of the primitives with the background . Non-

- -a - -
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maximum suppression used a 1 by 3 neighborhood centered on

each point and oriented in the direction perpendicular to t h e

edee at that point. A point ’s edge magn i tude  was set to zero

i t  e i t h e r  ne ighbor  had a l a rge r  edge m a g n i t u d e . The r e s u l t

of t h i s  s tep f o r  the  two da ta  sets is shown as par t b in

F i iu r e s  3 — 9 .

In  the nex t  s t a q . ’ , a n t  ip a r a l l e l  edges are pa ired and region

i n t e r i o r s  a r e  f i l le d  i n  as f o l l o w s .  At  each ed ge po in t  a s e a r c h

is  ma de  of the  p ix e l s  on the  ray  o ri en t e d  i n  t he  d i r e c t i o n  pe r—

:Ie ndicular to the  e d - t e ’ s orientation and towards the edge ’s d a r k

side.  I f  t he  f i r s t  edqe encoun te r ed  is a n t l p a r a l l e l *  to the edge

po in t  at  the r ay ’ s ori~iin, then every point on the  l i n e  segment

~o i n : n q  t h e  pair should  be in  t he  i n t e r i o r  of a p r i m i t i v e. G i v e n

an output array w i t h  dimensions equa l t i  those of the input

picture , t h i s  n r i r i n q  is recorded by increment m a  each of the

n u t  ut bins ~- I1 rr , nt o n d i n ;  t (: points on the line segment. This

process is carried o ut  t a ill edge p o in t s  i n  the image . N o t i c e

~h i t  ~f he search  spir e is exhausted witho ’~t finding an edge

point , or an .~~! : w i t h  impro :-. r orientation is found , then no

contribution is made ‘ n the outpu t a r r a y  f rom the g iven edge

point.

Other search strategies for an edge ’s antipara llel point (s)

could also have been used , for example based on a sector emariatine

from the .‘dee. The simple one used here proved sufficient for

* I f  an edge with orientation 45i° is labeled i , then d e f i n e
two edges with labels i ari d j to be antiparallel if j=i+3 mod 8,
i’4 mod 8, or i+5 mod 8.

- _ _ _ _ _ _
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this pilot study. It s p e c i f i c  know l edge i s  a v a i l a b l e  about

the expected size , shape, or orientation of :x imitives , then

t urthe r refinements of the search space could also be made.

For exa m~)1e , the maximum distance searche l along the ray should

be determined by the maximum d i a m e t e r  of  a primitiv e . For t h e

textures used here , search distance was lim i t ed to t e n  pixels.

The out p u t  array f rem sta te two can le interpr et ed as a

function measuring the confidence that each p int is part of

a nrim it .ive . Using this ar r ay, the final s t a ; e  of the algo—

r i thm pr  e Iuc s a b i n t  r y  mask  r e p re s e n t  ing  t he primitives.

There are two ways o t  deci~iinq that a point p is part of a

pr imitive . F i r s t , i t  p and most of its el;ti t n& ighbors are

cont ident of belonq:nq to a pr ir~ut iv.’ , then p is c a l l e d  a

prim it iv~ point. Specir ica~~ly, let the v a l u e s  of the points

surro in i I n - ;  j ’’ i f l !  j I he

“ 1 ‘2 a3
a8 a0 

1
4 

where i
~~ 

is the value of p .

a7 a~ i~~~

0, if a = 01.
0.1 , if a. =l

For each a. let v. -
i 0.2 , if a = 2

0.5, i f

1.0, otherwise
8

Then po int p is a primi tive point i f  V .  1..
i=l ~
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F.

Since this weiqhting scheme is biased against points which

are on the border of a primitive , a weak reg ion grow ing step

is next applied in ord er to add such po in ts to the pr im i t i v e s .

~pec i fica11 y, if a point p is adjacent to a primitive point q

and the gray levels at these two points are identical , then p

too is called a primitive point . This procedure also fills in

small holes in primiti ve elements. The primitive s extracted by

this method are displayed ~~ par t c in Figures 3-9.

- —-~~~~ I 
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3 . Eva 1 uat i err

The reaions extracted by the procedure de cribed in Section

2 for the textures shown in Figures 3-9 appear to be reasonable

primitives. A further test wa~ conducted to evaluate t heir

usefulness f~~r t exture ciassif .icati on . In this test first—

order st i t  1 stics of th e nr imit ives in the tw o  data sets were

measured and pl ot ted in order t - sLbJect vely dot  ermin e the

separability o~ the classes. S~ x properties Ot th e pr imit ives

w e re  measured : ar e t , t i e r -  imeter , lispe r sedn ss , elm 0 :rress,

m c c e n t r i - r t v , d t r . c t  i o n  of  ma or- axis, and ave ra te ar ty l~~v o l.

The I re a  f a r i  i m i  i v.  is : ~ned t o  he t h e  fl~ :flh. r ot

pix els cc r’ij risina the r .q Ion. Perime ’er is ttn number of h o u n d —

arv p ix e ls . t i s ; e r s e - f t~ess is -1. fined as the r 0 10 i t  th e square

of the p erim eter he area . 1 ;c cent r icrtv is ho m e d  as the

r a t i o  ot  1 p r i m i t  iv . ’ ’ s ma ~or - m i n o r  a x i s  of i n e r t  ia ; and

direction of m a ’ - r a x i s  is  the  m a l e  that the major ax i s makes

~ ith the v e r t i - r i .  See I l l ] t i r  more deta iled descri ptions of

these properties.

F o l l ow i n g  Wan ; et al. (11), two fea t ’r r ’ s w e re  derived from

each r~~~. rty value his tn ;ram for each texture window as des-

cr:: ors of the texture . Specifically, for each property and

.‘- m - h image the mean and standard deviation of the values for

all primi t ives with area areater than 9 ~~re computed . These

feature values are plotted in Figures 11 and 12 for the terrain

and Brodatz texture data sets , respectively .

- -
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For the ili datz texture samples , those fea tur es wh ich

s e n ar a  ted the  f ou r  types best are seen to be: mean of jr  im~ -

tlve area , mean of rorimeter , and  ~ t m ~~ i~t id ‘1eviatiori of

average g r a .  l e v e l .  In each case the fiour classes are

serarate-~ or n- a r  ~v :eparated f rom each other. ‘!‘he ser ara—

bj l i t: of t . ~t ::~~
- h r~ ved from the terr a in textures was

lens cl°i r—e- u , h u t  t~~ stan (lard V i i t  ion of area featur

~i- l  n ea r  1’.’ d~ s m n ; u 1 s l ~ a l l  t h r ee  tvr ‘n . Several o t h e r  fea—

t nr~~r sejarat t.~- o of the terra :n t o ’  ~~~~ These r e s u l t s  a r .

r~.m ari ;-e~ I r. ‘I 1. 1

in. c ncluz. : -
~~ , this pi lot stud y sh ow s  that very simp le

- - —or d er ‘~~~ u n  es di scr in : rmi t e w e l l  h e t ~~p e r ,  the pa i rs of

t .xt :rerm ir tw : ; . n arate data set:;. The : . r e s u l t s  are

h e t t ’ r  t h a n  ~~‘ n o  .1 ta i ned u s i n g  any of the threshold—based

~~~~~~~ rart i on sch~~ .o - n  r~ ’n c n r d  i n  ~1l 1.

_  -~~~~~~ _ _ _
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4. Concludin ; emarks

A new m e t h od  ot extracting texture primitives based on

p airmn , ant ipar allel m .dgt points ha:- been described . The

success ot the .i1’proach iepends primarily on the sufficiency

of the edge map in surrounding the interiors of primitives.

In the examples Olven the nrocedure proved qu ite robust in

“f illing in the gaps ” on a primitive ’s boundary and ignoring

noise edge responses. Subjectively, the primitives obtained

conform well to meanin gful regions i n  t he  t e x t u r e s .  T h i s  is

substantiated by the successful results obtained in separatinq

the texture types ;:sin; first—order statistics derived from

these primitives.

The applicability of this technique to the qen- ’rm l prob lem

of ob ject extraction is exhibited in Figure 13. Shown arc

four FLIR m a n ’ s , each containing a sinqie t u r r e t  (visible as

a small dark blob), and the results of app lyin g the a la o r i t h r

to these images. In each case the target was properly extrac t .‘d.

In general, in s i t u a t io n s  w h e r e  threr ;heldinq— ha sed schern . s are

inappropriate for segment at inn , t he method preseot . - d  her.~ -r e v i d ’ s

a promising alternative . 
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p

Figure 1. A primitive boundary point p and its
opposite boundary point q.

RIE~
Figure 2. A primitive in which the midpoints of

li nes joining opposite pairs of boundary
points (dotted lines) are not connected .
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Mask edge direction

1 1 1
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1 0 — l
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1 0 — l
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1 0 — l 135°

1 1 0
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— l  0 1 2 2 5 °
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— l  0 1
— 1  0 1 270°
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0 1 1
—1 0 1 3150

— l —1 0

Figure 10. 3 by 3 masks used as the edge detection operator.
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Figure 11. Features derive d from the terrain pr imitives.
L denotes Lower Pennsylvanian shale , M denotes
Mississippian limestone and shale , and P denotes
Pennsylvanian sandstone and shale.
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Figure 11. (continued)
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Figure 12. (continued)
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Feature Brodatz textures Terrain textures

Area mean R/S/G/W P/L,M

Area s.d. R,S,C/W P/L/M

Perim. mean R ,S/G/W P/L,M

Perim. s.d. R ,S ,G/W P/L ,M

P 2/A mean R,S,G/W P/L,M

P2/A s.d . R,S,G/W P/L,M

Eccen. mean poor poor

Eccen. s.d . poor poor

Orient. s.d. poor P,L/M

Gray level mean R,S/G/W L/P,M

Gray level s.d. R/G/S,W P/L,M

Table 1. Summary of class separability results;
“/ “  means “ separates ” (ties are considered
separable) . C denotes grass , P raffia ,
S sand , and W wool; L means Lower Pennsy l-
vanian shale , M Mississippian limestone
and shale , and P Pennsylvanian sandstone
and shale.
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